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(54) 



(57) imm 

mm) **3fc**fc*wt* is***^©«iB-cfi 

m&^m 0 max, *'J3>^7-12 

©&t*@g&N, $7-i 2^Awrsi/-if)feL©, n 

1 1/>X1 3 A#$£&i;©&-f^gas 5.5-1 2hb- 
if#Li:©£jSUl»e>SISlffil 3 a£T-©gEgtcb SIB 
1 3 aCi**gR, IB IS 1 3 afc«fc*K«3feL' 
* ') 3> 5 7 - 1 2 CDlHicIAIttS i: V-V 
ftL#H!l 3A©^ffli:^-r^K0* s , TIBS 

(2) i5=tl>' (3) £?ife-f 0 
4 7r/N-a + 2 0 (1 + d/R) >&max 

(2) 

-a + 20 (1 + d/R) <-0iax 
(3) 



(19)B#M*StJf (JP) (12)^&M^5^F^$S (A) 




(2) #W 2001-305459 



1 



-«*iRit«fT-r4*i;-AtfiiRiu-c 

(1) *»£*Sfc©T*4£i:S*HRfc*.5;6£#¥ 
I 0 I > I 6>max | ( 1 ) 

mfoZhfctg®, ft}f3u>x©#$ai:l£5»ftt;-A 

47r/N-a+20 (1+d/R) ><9max 
-a + 26 (1+d/R) <-0max 



tOtetftg.. ©max tt„ H?IB^tf-A*SmrlBe(n]i§T- 

XT? & £ £ i: * C 1513 u > X©*ffl* s miiB^* u > x© 
f lBtfeO, (2) £<fcV (3) Zffi&tZ 



(2) 
(3) 



(fefcU NHU lBl«$Stt©B& alt iuIBHfi^ 
E8KA»t 3 BifSBife tr- Affljiff TjIrI 1 (1513*2 U > 
XCftttfcOfcl-fc** dHU mF8BHlfe#S^i:miiB^ 
If- A t©a^*e>tuI3^ai/ >X©g! 1 E£T-©8§ 
Rfcfc> 1513**1' >X©&lffl©ffl*¥^ 0(±, 
lfflf3M 1 ffl©£*t£ <fc 5£ft# tf- AtffSsBISfi^Bgi 
Ol!»8S-r5 2o©S«f|©*||ifc|fAltfSi:*©^ 15 

^n^nim ) 

[»«a3] f5iB^t:-A£il®£S>r£-eSii5f3b> 
tt2E«©jaE***« 

[if««4] i!5l3#lf-A£3l®Ka*;S#£li5l3b> 
XCRSffitfx l5I3<Ift§§Sc#bT[3ET-&3Ci:£# 
«fc-rsW*B 1 3 ©a loUlTM* ijscibsb©* 

[0 0 0 1 ] 

Stirf Sfc©-t-<&3o 
[0 0 0 2] 

^T-jecaFiSfcfifTrsi'-ir**©^-*** flr 
je©fcflMBHrtfc*Mfl3*» c©*ifl[R]£ft;fc# 
tf-Aft, f 0V>X*©««3te¥**JlCvC, Bf£© 
Sj£Sffi±K:IS*<**oo, *©tfcMB©-jgttHfc 

[0 0 0 3] tfcfc^ ^J^.(is fe£8©l/— tfXU > 
<r©<fc5&*2ft¥^£fflV^ %m\s£ot 

^#IB^£ ilfcl3»Jat(*:K:-«3SlfiECD b — tf 3fe£*3 
U I3^fcfcIB*Sftfcll*fc:fci;fc£MJk 323® 



[0 0 0 4] 

[»E* s iBftU«k3i:f «««] tC5T-eMfil: 
flVMi>tl£>b>X v 5?-l»tt % ^©*ffi{CSWE5±© 
>9&1fcZnX^Z<Olfi—1BL#)X'1b l 0s ±3£b 

- A #fi ft ggffl t fi» b T fffl ft * tl 5 © * es ± 1" % it 

[0 0 0 5] b^brJ-T 1 ^ >^{±s #©£f>f£;fc3g 
SPPSiJf-5Ci:li^ti)A s s (10 0%) ffi±x- 

bfe3fctf-A(±> *©Mft^£ffftA*rbTBfiift£ 
*u ^©seipjffl^iqi^fe^^mi-iRiA^^iRi-efe^ 

^fiSfefe, tfcfc*ffl±t:ttx ft«J©<Ift©#;ii-Afc 
<fc5##©*;£jgfflffefc % S(giRi©^K:-AC«tsa§^ 

«&^i?o felTs lEDbo ) aejfcCtsy-f X 

tb£*fflM*lc:83»$iiTV>S**©lIlft0l^fc^ «3teK 

[0 0 0 6] ?;t, c©tSft%¥»©jtM«flii41B 
(ffl|fiIllfc«t?3fllRlSSt$nfeM5t-A©|(lia:t«fcot 

©ftB5lt1-i>^* s Sl^^n-C^.5 (WW¥7 - 1 2 0 
6 9 6t) , 

[oo 0 7-] b*>u ±at©«tit««»t*»©3tett* 

±(r*^T^*^©fti> s »3S:^bx H^fiSHSfettB 
[0 0 0 8] #»iBtt±lB»fllfc«*&£iifc*©T?fc 

fe«jfc4t*©*ffii?fiiRis«ts«bfc*tr-A 
50 *« N *©diRj&cgaxatbTSigiRi£Hfci§£tc*N 



( 3 

3 

fci»±-r z z t #t- § *a«-r 5 c: t * § 

[0 0 0 9] 

[»«*»***&»©#«] *»E©ii*#¥»B:> 

SKUA* L feSttt bT- A tfflffl»V?*fl ft $ ftfc 
g© % i/>X©^ffti:S»^bf-Ai:©*f M&b. jfc 

[ooio] r&t>fe*4M©£iE*¥ft& 

fc3tff-f*iteK-A*fflfilbTHf*ftflE«llrt**alE* 

A*ltot*H±t:lS**#«*S«**»i:*fllifc3iaE 20 
#¥*-C*oTx KTOSt (l) &SIS1-.6 4»©"C*5 

[0011] I 0 I > I 0max | ( 1 ) 

(fc£U 0l±s l(rlBflllRl8»S©l/>X©*fflfiWC 

fcC&fftSE* 6»iax Its mFiB*t-AAsfjf3{B|n]8T- 
g«JI"^Inl^^fch^©s fljIBW>X©^ffii:^K- 

«C»*B1-***<D^lt*s **l**lSt:. ) CCT\ & 30 
j£*fflfc*tt*#»jfe3lE*«fctiU ftl*.«li*KatiKS 

&©±B©-5*k £Kft£ll&2:l/-CM*Bl«&B&^ 

5x ■*£i3fti-£ffi*tttt©&B©5% % newt® 

[0 0 12] tfc±!3^tf-AS*ffiS«^^i.b>X 

JU>o Lfc*»oT3fefcr-A#j£a!E-rsflliRiBrti:*©B 
£73fr©Bi*]i:T-ffl*#fi&£,fc?& h-'J y £®-e& 
oT*J:k tfes ftb:-A#jfc4t-sigiajBi*iKis^ 

[0 0 13] ±B3^t-A^g®SIJ$-a-^P>X©^ 
£?fc<§«fci!i;££ft£t>©T-li&W 50 



^2 0 0 1-3 0 5 4 5 9 
4 

[0 0 14] M5C-A**HSW$-&SU>X©SKa 

4>©T'ttfc<x ^©AWLfeU>X^f>^K*b:-AAs 
ffifcf-f £ffi»®-C-&oT* c fcl'>U £?>f;:-e©b>XJ; 
?)&©© U VX^CAWB^tiJftBto^Tj&ffl-f 3 £ 

[0015] KIT. £ ( 1 ) Oilllto^T, 121 5 

[0016] IS«**3RO-»**J«-r 5 f e U >x© 

ot. ±x0-^mmtz0Ht9&^wnssbic > fc*r 

(AMft) 0«o4:S:4J:5CaiiRl» (mtt# 

tv> f 9i/>xogiB (#tr-A#s*;gicAt*-f 5 
B) «BCI!l*-f So 

[0 0 17] f 0U>X©SglB«BfcPJ3Lfc#tf- 
A©A35# w-f) MU *0*Sf 9l/>Xt 

XMU f 0U>Xfc:«fc&JBSr£ivrtt«fU M«©» 
j££B±©ffi£©«$8£«*j£3£*S. LfrU f flu> 
X©?g 1 ffi*BCl!l«bfc#e-A©«HB5ttx *©« 

B-esstetu stJ^bf-A (iwg-cw-r) i:UT^u 

rf>57-H^!3, c©* 7— ©SWBOO-fftfrCA 

str 5 o 

[0 0 18] CCT-05(i^ ^t-A*s#Urf>* 9- 
fflt&IAfcfSStBAtASU SMBA±© / 'SP-eKMfi 
p5j£ft> f 0U>X©j|SlB*B-£E»£ilfc£»*K 
-A#, £$fBA£R*f®B (R*f®AtcRg1-SSW 
B) fcO*WPABfcR*J;5fl:ISIiBOtt«S*^b-C^ 
S, CCtflStCfc^Ttt, Sif*K-Att, SWBAfc 

»t?K ^$a(3«LT^a0(-) ©#is*wrE^SM«) 

(+) ©fcSSfilT0jfr6#H>T3&fc£»-r3*©i:f 

[0019] ^yj>^7-^c!)We>, ^o*b 
ft*ic»fcuri«tnao*iquc45"f4»ciae4«atri:, s 

■f*. c©i:#&»fttf-A#£»BBT-5^dft£;h. 
&££i:*t^ ^^-©lllteASjttrHL/fe^oTz:©^ 
to-fipcmte^jitfh^ fiMjte-AttjSiPABfcRs© 

■C-tt!&<> SWBAHA*ft-i.o COhlfilf)tK-A 
^SttBA-CSItiBiqi^tifc^cjtfT^iRlt^tti:©* 

s«3tet:-A*«asffjiiiPABt:H-3fc» 

^©ftS«fct»fe*S^*i:ftSi:i:*fc. 57-©Hie 
wmts c L & *s o t c: ©ftSJiti A UT v > < c t tc * 



isfatu>z<Dym£<DtjLtftm <*(+) 

[0 0 2 0] *CT% ±833 (1) fc5*-r«fc5fc:, ffift 
§§ (#J;LS£tf -eiiRltSftfci:*©, v 

>Z<DKMt&St%V-l>t<Dlitft&4 (<*(+) S3<fc 

x J;»)**t<ft5J:aic:M!«-rsci:fi:J:D, K*f# 
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6 

t i«« * zhs 1- © * 1 1» ± * * c i: ** 

[0 0 2 1] ^i5±IB(ifp]Si:tT{±, ^fcf-A^SW 

bT[H3£f'Bii : £iSffiU <Bftfi&©©b>Xi:bT£ 
fi>>X (flfctt f 0^>X) fciSfflU #tf-A#S 
£ ft 5 U > X©*B i: bT £ V > X©H 1 B 
10 (#t:-A©A*tB) Siffltit^ttt, WT©5£ 

(2) isctt^ (3) fcafecaijai-sfccfcTs©***? 

[0 0 2 2] 

(2) 
(3) 



47r/N-a + 20 (1+d/R) >0max 
-a + 26 (1 + d/R) <-0max 



(fegu n»x mammon®.. a\t, mmm^ 

X©#tti:©fc1-fcft* dtt, fuf3I]«G#B&fciitII3# 
t- A t ©£&#• 5> mi EjfeS U > Xffigi 1 B £ T- ©IE 

®mmtz2 i<D&%m<D%tmzn\Mt % t s ©> «r 

IB* bf- A A5B5§3Ilie^B^-r gfflilRfttfilfi] ^ ftfc t 
§©auE**U>X©3fctti:K*bf-Ah©^-r^S, 

£**ve;ftji<ro ) cct-a (2) , o) ommz-o 

[0 0 2 3] Stef-B^ W^W>^7-) ©S 
WBAfSStfilRl^ftfe^K-A^ fgfc#¥*00!l*. 
(if 0U>X8£lB©**B-C£i*U *©£Mbfc£t* 
fttf-A*\ ^5fe t tU t 6{c^-r<fcatR*tBAi:S« 

£P, X»^Pt!KWffl[Rl$ftfe*t:-A©Jiff^lRli: 

|R|$ tltzft f- A # f 9 u > Xfg 1 B©£B£fJ3§-f 5 
££Q> *'J3">^7-©SWB©B«SN. ^>;n"> 



£»®BKJ:SS»#fc--A :4 7r/N-o + 2 0-2r 



[»2] 



5 5-©|*|g;R¥&£r, XWjSPABfrfef 0U>Xffl 
H lB«B*t?©3fcWt:?eofeEgiS*d^ f0U>X© 

4 J 'frO£K;&fc*SI2B©BrtCB£2ittffif^x-z 
20 (zttfcf 0^>X©#Mt;:*rbT¥firC, x$4£f 0 
u>X©*tt(cMbTii^t-r-i.J;a{c) fcisjrf*^ 

(RMHM©*JMl*"e©**) fcftSi^CXW 
£-fr£C£:£ffi*Ih-f f 6 u>X©3! lBT-Et* 

(.9-27) X-#V3>$.7-(D&%mcn\%tU Z 
<Dt%®6 \Zmt&5\Z. SWBAC^iSgi&sf 6>U>X 
ft«C»-r«Afttt- (a-0) /2, KWBBCffi^ 
30 #f 0l/>X3fcttfc»-r«fcSB:2 7r/N- (a-6>) 
/2T-&£iP?>> Sf^tT-AtfSltBA, BfcJ;DS 

«airt**ifcii©jitf*fiikf flu>x*t©6tfls 

[0 0 2 4] 
[Rl] 

-a + 2 e- 2 7 (4) 



(5) 



CCC^s dtan 8>6 , tan <9 = 0h-r3i^ r = d 

£«iBAIict5£»*t;-A : -a + 26 • (1 +d/R) (6) 
K8« Bin J; A :47r/N-a + 2S- (1+d/R) 

(7) 



*««tAJ»t-SCkii«ft<, a (2) 43«tV (3) *s 
[0 0 2 5] ±B3*^BJ©^^3t^^(i^ KM 



[0 0 2 6] 

[^b^cd^S] *»R8©3t«***fcJ:ix«x flliqistl 
a©»«l3t*»© b >X©«B££JK «t t) ffliaSfcSA 
ltbfeRWifetf-AAs<i[Rlg-eB<iA$ftfei:t©s b 
>X©Jttti:SWJtt:-Ai:©«:-r^«i:^ 



( 5 

7 

®lZttfct2>%L*i<Dng.t<DM&*. TffiS (1) ©<fc 
*6«W«Cl«Mi*aK-r©*«KCIB±-r « c i: A 1 

"CIS. 

[0 0 2 7] I 0 I > I (9max | ( 1 ) 

[0 0 2 8] 10 

[ 0 0 2 9 ] 0 1 «\ *»«I©j£aEite*»©*«:W&* 
lBK)»0««*w-rHx H 2 (411 1 LfcWBBJBO 

***** s m v ^ fctt«*H«iB«i*6fli© -« * mr m 

C& o 

[0030] C i -C S 1* E3 2 £CTLfe£WfMMfflta£ 

#©ft*£S§ 1 6 ortSPt, -*§MEOU— IfjfeLtai 
W-r*LDjfe«(l 1 i:, 3fc*l lfr&liitfSflfcU— * 20 

* l zmfevft&mmzm t> « l^s* « «t a icstjg 

fc, 7|fU=f>57-l 2£<fc tJSWffllql^Ufcl/— tf« 

LW'&m<Dwm&.mft#.i>>- v 5 o±*fcBJxaiRjfc«f 

jftre±j£5rr5 J: o c u— y *L£JS#r£tf6 f 6 u 
>X»13L C©f 6>U>XSfl 3t:.fc!>B*r3iifc 
U— y^LS^T^tST&TJfSSRilTJf 5 5-1 

4 j;4»M*asn&jiatjfc*« 1 0 sn*, 

o^effiW^nfcu-ififeLii, 1 

KJ;!>fcBJY#|R|lc«gflrTJ£» (ilj£2E) 1-*x>]« 30 

h 2 o±t«s^nfc> ttmiBftA<wHai 
snfesttttffl**^- h 5 o z&wxyjmmQML 

e«jt->-h 5 ooniscioTu- tf^L^a^ix 

[0 0 3 1] I/— tf)tL*s^«$nfc">-h 5 0©gP# 

*©f»fl-t=»ati3*£*iT^sttsraH*fcjfc 

©±jta»KjS«l/TE»*lxft**-f 1*3 
*U *3tf-f K3 l©rt»4±fiimi^BLoojtejtM 
H3 l©mt*«H$t«*$ix*o #3>H K3 lOtHW 
SgStcli, U— »fjtL**y h b»J5«*3fcMS2il* 
U»* 4 3 fc«M»M»3ixfc U— !f ftft v h 7 < 3 
2#g$fc£*XT*>>>, 3t3tf-f K3 l©tfl»*IBffiS-e#* 
£ftfcfflg|g*#M(438$LT#«?ii{gg (7*hv 

fcfefc#jtM K3 lF*3(CgALfeb— VKUZilv 50 



ttM2 001-305459 
8 

ivCPMT 3 3£f4A»U&^, 
[0 0 3 2] PMT 3 3ttXWl/fc«R*3l6*Mi7t 
D^lti^y(:MtiLtDif7>/3 4tA* 

ftfll*UT»Rft«^SC*»Ufc±tJA/D3W^- 
*3 5CAAt5. A/D3l/n-^3 5liAA$^& 

*«Mb«^ s > r y > ^imn-e f*y * Mb u 

ri?*^MfDC»LT, jgftffiiE, HUMS, If 
$81*0.31, «^/M!M«©«*J&«fcllSL-CCRT* 

[0 0 3 3] *CC©jt**^3Rl OOElMCo^TBI 
l*ffl^TSiWra. 0^©^E3fc#^l OOf 9V> 
XP1 314, #'JrJ>5 7-l 2fcffi^«fc»»6*l*: 
»llx>X13Ah, jS^«t»»*&*lfc*2U>Xl 
SBtfrei^nt*!), f 0b>XPl 3t&R& 
Ttf 5 5.-1 4fcCJ:t»IS«fc***l 5£«5£LT^ 
5, 11W>X1 3AI4^©!glB (U— tfJtL^AM 
■fSB) 13a#, U:i*>5 5-1 2£[S]*>oT[SB 

[0 0 3 4] £fc, mi U>X1 3 A©S§1B1 3 at 
iJUTtt, *'JJ>57-1 2ipf>iiJ^bfcU-1fifeL 

(H^tci'V^TTOT-^t) i:UT^'Jrf>^7-l 2 
flfcS«**5. ^Itv Sll/>X13 A©SB 1 B 1 
3 a©KiJlC«fcD 5 7-1 2{cSAIJLfcRW 

*L' ^yjy55-l 2T-SH[p]^tlfei:#©, » 

i i/>xi 3A<D%,mt&mytL' t®te*nmz<t>. 

U— lf*L***'J J>55-1 2-CftKUtCfi|pI$tLfcJ: 
I©, b>Xl 3 ACJfettitV— tf#Li:©JB:t-£l 
«©d^s »^«B («Wttm^{*->- h 5 0 ©«B) 

ft) SOmax (=42° ) J:f5fc, £©j£*Jfc**l 
0J4, TIBS (1) &«fe1-J;a(c*fiK$^TV^?.o 
[0 0 3 5] | «i | > | ^max | ( 1 ) 

£t>IC s #y J>55-1 2©SlWffljRftN (=6), 
^ij JV5-7-1 2^AW1-5l/— »f3tL©3tff*lRli: 
ffl l/>Xl 3A©*Wi:©^-rft*^a (=7 0 
° ) , #>;=f>5v-l 2i:U-1f*Li:fflSE^<P5.|g 
1 U >X 1 3 A©^ 1 B 1 3 a S T-©SIgi (3fettt?&7 
£d (=4 0mm) N I1U>X 
1 3A©|§1B1 3 aOft^S^R ( = -112. 5 
mm) , S1U>X1 3A©H1B1 3 alCfc^SW*; 
L' *J#>Jrf>5 7-l 2©BfgE-r5 2o©SIJB©* 

hi (mm tsAM-rsti®, u— «f*L#*'j j> 

5 5-1 2^g«!J££itfiIft£*ifci;£©Sgl U>X1 

3A©*tti:u— yjteLfcoft-rflKse (=18°) 

4:f*fcx dft&ttx (2) *J;i5 (3) 



fftb*±l3»*««:»«*ftA-ril«x a (2) ©£ 

jaii7 3. 2° , fiia«±4 2° f&Os a (3) ©£a 

(±-4 6. 8\ £i2tt-4 2° -e$>3o fc£*'J:J> 
^5-1 2CDF^gF3*gr{± N 2 5 mmt&So 
[0 0 3 7] ft*, 0 2 £ip bfcttg*JgB*SH)ti£ftfc: 

«-rs»«tt«*#'>- h 5 0 fflgEB «fc 5 

fc&V>«Bi:ft£>o CixHU S/- h 5 0 ©K«SP{ci± 

3;fc->-h5 0cDW«*»$-C££C«#|*-3T4k rT 

H*fi#D i: bTR*dfcS«H**»^1K«K fc-f 

[0 0 3 8] C©«t5fc*«Sfifc*|liBB!g©3taE* 
**10CJ;*ltt, HI 1/>X1 3 A£j§J5bfc3§>a# 
Ltt, *6fc82U>X13B*»IU fiRiTtfb 
>X1 4fc<fcD:fcVFtfe>*lT, *Urf>$7-12© 
£EPR£[R]^ffi[I]|gC#oT, »7£«ST-&3g«tt3t 
ft»->-h 5 0*®££ff!X£[q|{C, #3b££WtK£ 

[0 0 3 9] -75, m 1 b >X 1 3 A©ig 1 ®T"SW^ 
ttfcElt#L' fcfc, ^U=f>57-1 2fcS*Al*bT 

(2) *iV (3) Swrfcttfcaifc-fCfcfcJ:^ 

J6, coSW^L' tt, HUfcSjvrJ:^ ffc££9£ 

*^T#»^aE««Krtt:i!ia-r4c httftw 

[0 0 4 0] Ifctfo-C, *%mffl£ffi®£2ft¥* 1 0 
[0041] E3*j<ti54t:^bfej6***^tt-fix-e 

ttft^e 

[0.0 4 2] (ftttM 1 ) H 3 fcw bfctfcttfll 1 ©££ 
#^tt, *';3>i7-l 2©S«®»SN ( = 
6) , 7K'Jrf>5v-l 2^A»-f3b-1f#L©itfT 
b>Xl 3Affl3feWi:©ft1-^K*a (=6 
0° ) „ <}{'Jd>57-l 2 i:b— tf#L £©££#& 
I11/>X1 3A©JglHl 3 a^T-©gg|f (yfeWtCte 
ofcaAfcSttSre*) £d (=4 0mm) , |1U> 
XI 3AfflflSl 3aCDi$*llR ( = -112. 
5 mm) , % 1 b>X 1 3ACflffil 3aC<t^M 
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SPECIFICATION 

[TITLE OF THE INVENTION] SCANNING OPTICAL SYSTEM 
[ABSTRACT] 

[Theme] To prevent affects of stray light on a scanning surface 
in a scanning optical system even when a light beam that has 
been reflected by the surface of an image forming optical system 
toward a deflector side is made incident on the deflector again 
and re-deflected. 

[Solution Means] A maximum scanning angle Gmax, the number N 
of reflecting surfaces of polygon mirror 12, the angle a of 
a light beam L that enters the mirror 12, from the optical axis 
of first lens 13A, the distance d from the intersection between 
the mirror 12 and the light beam L to first surface 13a, the 
radius R of curvature of the first surface 13a, and the angle 
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9 of the light beam L from the optical axis of the first lens 
13A when a reflected beam L' reflected by the first surface 
13a re-enters the ridge line of the polygon mirror 12, satisfy 
the following expressions (2) and (3) : 
4n/N-a+29(l+d/R) > Gmax (2) 
-oc+20(l+d/R) < -Gmax (3) 
[WHAT IS CLAIMED IS;] 

[Claim 1] A scanning optical system comprising a deflector 
which deflects a light beam that advances in a fixed direction 
and scans it within a predetermined angle region, and an image 
forming optical system which forms the image of the light beam 
that has been deflected by the deflector on a scanning surface, 
wherein the following Expression (1) is satisfied: 
|<H > |9max| (1) 

(provided that <)) denotes, when a reflected light beam that has 
re-entered the deflector by surface reflection of the lens at 
the rear stage of the deflector is re-deflected by the deflector, 
the angle of this reflected light beam from the optical axis 
of the lens, and 6max denotes, in the angle between the optical 
axis of the lens and the light beam when the light beam is first 
deflected by the deflector, a maximum angle for an effective 
scanning region on the scanning surface.) 

[Claim 2] The scanning optical system according to Claim 1, 
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wherein the deflector is a rotating polygon mirror, the lens 
at the rear stage of the deflector is a scanning lens, the 
surface of this lens is the first surface of the scanning lens, 
and the following Expressions (2) and (3) are satisfied: 
4n/N-oc+28(l+d/R) > 9max (2) 
-oc+29(l+d/R) < -6max (3) 

(provided that N denotes the number of reflecting surfaces of 
the rotating polygon mirror, a denotes the angle between the 
advancing direction of the light beam that enters the rotating 
polygon mirror and the optical axis of the scanning lens, d 
denotes the distance from the intersection between the rotating 
polygon mirror and the light beam to the first surface of the 
scanning lens, R denotes the radius of curvature of the first 
surface of the scanning lens, and 8 denotes the angle of the 
light beam L from the optical axis of the scanning lens when 
the light beam is first reflected by the rotating polygon mirror 
in a case where the reflected light beam reflected by the first 
surface re-enters the boundary between the two adjacent 
reflecting mirrors of the polygon mirror.) 

[Claim 3] The scanning optical system according to any one of 
Claims 1 through 3, wherein the surface of the lens which 
reflects the light beam is a spherical surface. 
[Claim 4] The scanning optical system according to any one of 



-3- 



Claims 1 through 3, wherein the surface of the lens which 
reflects the light beam is a concave surface with respect to 
the deflector. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Art] The present invention relates to a scanning 
optical system, more specifically, improvement in processing 
of stray light occurring at the reflecting surfaces of the image 
forming optical system. 

[0002] 

[Prior Art] Conventionally, a scanning optical system has been 
known, which scans and deflects a light beam such as a laser 
beam that advances in a fixed direction to a predetermined angle 
region by using a reflector including a rotating polygon mirror, 
etc., and repeatedly scans this scanned and deflected light 
beam in a fixed direction in a fixed region of a predetermined 
scanning surface while an image is formed on this scanning 
surface by using an image forming optical system such as an 
f0 lens, etc. 

[0003] Namely, for example, by using such a scanning optical 
system, a certain type of laser printer scans laser light that 
has been modulated at an intensity according to characters or 
images to be recorded on a recording medium, and records these 
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characters, etc., onto this recording medium, and a certain 
type of image reading device scans laser light with a fixed 
intensity on a recording medium onto which an image has been 
recorded, and photoelectrically reads emission of reflected 
light, transmitted light, fluorescence, and photostimulable 
emission light according to the image recorded onto the 
recording medium. 
[0004] 

[Problems to be Solved by the Invention] Lenses and mirrors, 
etc., to be used in an image forming optical system are 
generally applied with antiref lection coating on their 
surfaces, and antiref lection coating is also applied on the 
image-f orming optical system of the abovementioned scanning 
system to prevent a light beam that has entered from the 
deflector from being reflected toward the deflector side and 
being re~def lected. 

[0005] Although coating can suppress light reflection to some 
degree, it cannot completely (100%) prevent light reflection, 
and slight reflection is inevitable. Therefore, a light beam 
that has been reflected toward the deflector side by the surface 
of the image forming optical system re-enters the deflector 
and is re-deflected, and if the direction of re-deflection 
equals the direction toward the image forming optical system, 
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the image of the light beam resulting from re-deflection by 
the deflector is also formed on the scanning surface by the 
image forming optical system as well as the light beam that 
has first entered, so that stray light caused by the re- 
deflected light beam is projected onto the scanning surface 
in addition to the original scanning lines generated by the 
light beam first deflected, and in a case of a printer, noise 
(thin vertical lines, etc. , ) due to the stray light is recorded, 
and in a case of an image reading device, noise due to the stray 
light is read in addition to an original image recorded on a 
medium that has been scanned. 

[0006] Therefore, a technique has been proposed (in Japanese 
Unexamined Patent Publication No. H07-120696) which prevents 
surface-reflected light (reflected light beam) from re- 
entering the deflector by tilting or shifting the optical axis 
of this image forming optical system with respect to the 
deflection plane (plane formed by the locus of the light beam 
that has been deflected and reflected by the deflector) . 
[0007] However, the construction as mentioned above in which 
the optical axis is tilted or shifted with respect to the 
deflection plane causes curves of scanning lines on the 
scanning surface, and it is a concern that the curves affect 
image drawing or im.age reading. . . 
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[0008] The present invention has been made in view of the 
abovementioned circumstances, and an object thereof is to 
provide a scanning optical system which can securely prevent 
harmful influences from stray light on a scanning surface even 
when a light beam that has been reflected to a deflector side 
by the surface of the image forming optical system re-enters 
and is re-deflected by the deflector. 
[0009] 

[Means for Solving Problems] A scanning optical system of the 
invention regulates the relationship between an angle between 
the optical axis of a lens and a reflected light beam when the 
reflected light beam that has re-entered a deflector by surface 
reflection by the lens of an image forming optical system at 
the rear stage of the deflector, and a maximum angle in 
accordance with an effective scanning region on a scanning 
surface in an angle between the optical axis of the lens and 
the light beam when the light beam is first deflected by the 
deflector, whereby the reflected light beam that has entered 
the deflector after being reflected by the lens and has been 
re-reflected by the deflector is prevented from reaching the 
effective scanning region of the scanning surface so that the 
reflected light beam that is stray light is prevented from 
harmfully influencing the scanning region of the scanning 
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surface . 

[0010] Namely, the scanning optical system comprises a 
deflector which deflects a light beam that advances in a fixed 
direction and scans it within a predetermined angle region, 
and an image forming optical system which forms the image of 
the light beam that has been deflected by the deflector on a 
scanning surface, wherein the following Expression (1) is 
satisfied: 
|<)>| > |9max| (1) 

(provided that denotes, when a reflected light beam that has 
re-entered the deflector by surface reflection of the lens at 
the rear stage of the deflector is re-deflected by the deflector, 
the angle of this reflected light beam from the optical axis 
of the lens, and 0max denotes, in the angle between the optical 
axis of the lens and the light beam when the light beam is first 
deflected by the deflector, a maximum angle for an effective 
scanning region on the scanning surface. ) Herein, the effective 
scanning region on the scanning surface means, in a case of 
an image reading device, a region to be substantially read as 
an image of the entire surface, as a substantial scanning 
surface, of a recording medium onto which the image is recorded, 
an in a case of a printer, the region means a region whose image 
is substantially recorded of the entire surface, as a scanning 
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surface, of a recording medium onto which the image is recorded. 
[0012] Furthermore, the surface (preferably, the first surface 
of the scanning lens) that reflects the light beam is preferably 
spherical, however, it is not always required to be spherical 
in a three-dimensional space, and it is only required that this 
surface is a curved surface which becomes an arc within a 
deflection plane at which the light beam is scanned within a 
predetermined angle region by the deflector. Therefore, the 
surface may be a toric surface whose curvature differs between 
within the deflection plane at which the light beam scans and 
within the plane orthogonal to the deflection plane. 
Furthermore, it is not always necessary that the surface 
becomes a perfect arc within the deflection plane at which the 
light beam scans, and may be an aspherical surface which can 
been approximately regarded as an arc. 

[0013] Said surface of the lens which reflects the light beam 
is preferably a concave surface with respect to the deflector 
since the action and effect of this invention become more 
effective, however, the present invention is not limited to 
such an embodiment. 

[0014] The surface of the lens which reflects the light beam 
is not limited to the lens surface which the light beam that 
has been reflected and deflected by the deflector enters first 
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after being reflected by the deflector, and may be an exit 
surface from which the light beam exits from the lens or may 
be the incident surface or exit surface of the lens at the rear 
stage after the lens. 

[0015] Hereinafter, derivation of Expression (1) is described 
with reference to Fig. 5. 

[0016] The light beam (shown by a solid thin line) that has 
entered a deflector (for example, a polygon mirror) is 
reflected and deflected by the reflecting surface of the 
rotating polygon mirror so that its angle from the optical axis 
of an f8 lens forming a part of the image forming optical system 
(Shown by an alternate long and short chain line. Hereinafter, 
all alternate long and short chain lines are parallel to this 
optical axis.) becomes a, and then reaches the surface of the 
first surface (which the light beam enters first) of the f8 
lens . 

[0017] The major part (shown by a solid thin line) of the light 
beam that has reached the first surface of the f0 lens enters 
the f6 lens as it is and exits after being refracted by the 
f0 lens, and then scans a predetermined region on a 
predetermined scanning surface. However, a small portion of 
the light beam that has reached the first surface of the f9 
lens is reflected by this surface, and may return to the polygon 
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mirror as a reflected light beam (shown by a dashed line) and 
enter any of the reflecting surfaces of this mirror. 
[0018] Herein, Fig. 5 shows the condition of a moment at which 
the reflected light beam, reflected by the first surface of 
the f6 lens, of the light beam that has entered, for example, 
the reflecting surface A of the polygon mirror, and has been 
reflected and deflected at the point P on the reflecting surface 
A, returns to the boundary point PAB between the reflecting 
surface A and the reflecting surface B (reflecting surface 
adjacent to the reflecting surface A) . In this condition, the 
reflected light beam is reflected diagonally upward to the 
right side at an angle ((>(-) with respect to the optical axis 
by the reflecting surface A, and reflected diagonally downward 
to the right side in the figure at an angle <(>( + ) with respect 
to the optical axis by the reflecting surface B. 
[0019] When the polygon mirror slightly rotates clockwise 
around the point 0 from this condition, the reflected light 
beam does not return to the point PAB, but enters the reflecting 
surface B. At this point, the angle <()( + ) between the advancing 
direction after the reflecting light beam is reflected and 
deflected by the reflecting surface B and the optical axis 
becomes greater than the angle in a case where the reflected 
light beam returns to the boundary point 5AB, and in accordance 
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with mirror rotation, this angle increases. On the other hand, 
when the polygon mirror slightly rotates counterclockwise 
around the point 0 from this condition, the reflected light 
beam does not return to the point PAB, but enters the reflecting 
surface A. At this point, the angle (()(-) between the advancing 
direction after the reflected light beam is reflected and 
deflected by the reflecting surface A and the optical axis 
becomes greater than the angle in the case where the reflected 
light beam returns to the boundary point PAB, and this angle 
increases in accordance with mirror rotation. Therefore, the 
reflection angle <(>( + ) or <))(-) (angle between the advancing 
direction after the light is re-reflected by the polygon 
mirror) is the minimum reflection angle that the polygon mirror 
can realize while rotating. 

[0020] Therefore, as shown in the abovementioned Expression 
(1), the angle ((> (((>( + ) and ())(-)) between the optical axis of 
the lens and the reflected light beam when the beam is re- 
reflected by the deflector (for example, polygon mirror) is 
set to be greater than the maximum angle 6max in accordance 
with the effective scanning region on the scanning surface of 
the angle between the optical axis of the lens and the light 
beam when the light beam is first deflected by the deflector, 
whereby the reflected light beam can be prevented from reaching 
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the effective scanning region of the scanning surface, and the 
reflected light beam that is stray light can be securely 
prevented from harmfully influencing the scanning region of 
the scanning surface. 

[0021] It is preferable that a polygon mirror (galvanometer 
mirror or polygon mirror, etc.) which reflects and deflects 
a light beam is applied as the abovementioned deflector. 
Furthermore, a rotating polygon mirror is applied as the 
deflector, a scanning lens (for example, an f8 lens) is applied 
as the lens at the rear stage of the deflector, and the first 
surface of this scanning lens (light beam incident surface) 
is applied as the surface of the lens which reflects the light 
beam, it is preferable that the following Conditions (2) and 
(3) are further satisfied. 
[0022] 

4n/N-a+29(l+d/R) > 9max (2) 
-a+26(l+d/R) < -6max (3) 

(provided that N denotes the number of reflecting surfaces of 
the rotating polygon mirror, a denotes the angle between the 
advancing direction of the light beam that enters the rotating 
polygon mirror and the optical axis of the scanning lens, d 
denotes the distance from the intersection between the rotating 
polygon mirror and the light beam to the first surface of the 



-13- 



scanning lens, R denotes the radius of curvature of the first 
surface of the scanning lens, and 6 denotes the angle of the 
light beam from the optical axis of the scanning lens when the 
light beam is first reflected by the rotating polygon mirror 
in a case where the reflected light beam reflected by the first 
surface re-enters the boundary between the two adjacent 
reflecting mirrors of the rotating polygon mirror.) Herein, 
derivation of Expressions (2) and (3) is described with 
reference to Fig. 5 through Fig. 7. 

[0023] The incidence point of the light beam when the light 
beam that has been reflected and deflected by the reflecting 
surface A of the rotating polygon mirror is reflected by the 
surface of the first surface of, for example, the f0 lens of 
the image forming optical system and the reflected light beam 
is made incident on the boundary point PAB between the 
reflecting surface A and the reflecting surface B as shown in 
Fig. 5 and Fig. 6, is defined as P, the angle between the 
advancing direction of the light beam that is made incident 
on the boundary point PAB between the reflecting surface A and 
reflecting surface B as shown in Fig. 5 and Fig. 6 and the 
optical axis of the f0 lens is defined as 0, the point at which 
the light beam that has reflected and deflected at the incidence 
point P reaches the. first surface of .the f0 lens is defined 
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as Q, the number of reflecting surfaces of the polygon mirror 
is defined as N, the radius of the inscribed circle of the 
polygon mirror is defined as r, the distance from the incidence 
point PAB to the first surface of the f 9 lens along the optical 
axis is defined as d, the radius of curvature of the first 
surface of the f0 lens is defined as R, and an orthogonal biaxial 
frame of reference x-z is set within the plane shown in the 
figure setting an origin at the rotation center 0 of the polygon 
mirror (so that the z axis is parallel to the optical axis of 
the f8 lens and the x axis is orthogonal to the optical axis 
of the f0 lens) , as shown in Fig. 7 , when scanning at the maximum 
scanning angle Gmax, under a condition that the light is made 
incident so as to have even allowances rightward and leftward 
(allowances to the boundary point between the reflecting 
surfaces) with respect to the polygon mirror, the reflected 
light beam reflected by the first surface of the f9 lens 
reenters the reflecting surface of the polygon mirror at an 
angle (9-2y) with respect to the optical axis of the f9 lens, 
and at this point, as shown in Fig. 6, the angle of the normal 
line of the reflecting surface B with respect to the optical 
axis of the f9 lens is -(oc-9)/2, the angle of the normal line 
of the reflecting surface B with respect to the optical axis 
of the f9 lens is 27C/N- (<X-9) /2, so that tjie angles between the 
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advancing directions of the reflected light beams after being 
reflected and deflected by the reflecting surfaces A and B and 
the optical axis of the f8 lens are as follows. 
[0024] 

[Numerical expression 1] 

Reflected light beam reflected by reflecting surface A: 

-a + 29 -2y (4) 
Reflected light beam reflected by reflecting surface B: 

47t / N-ot + 26 - 2y (5) 
Herein, when d tan 9 » 5 and t an 9 ~ 9 are set, y = d9/R, so 
that the following conditions become true: 
[Numerical expression 2] 

Reflected light beam reflected by reflecting surface A: 

-a + 29- (1+d/R) (6) 
Reflected light beam reflected by reflecting surface B: 

471 / N-a + 29 • (1+d/R) (7) 
and by setting absolute values of these to be greater than the 
maximum scanning angle 9max, the reflected light beam (stray 
light) is prevented from entering the effective scanning region, 
whereby Expressions (2) and (3) are derived. 
[0025] Furthermore, it is preferable that the scanning optical 
system of the invention is to be constructed for use in an X-ray 
image reading device which photoelectrically reads 
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photostimulable emission light in which light is emitted at 
an intensity in accordance with an accumulated and recorded 
X-ray image from an accumulative fluorescent sheet by scanning 
the laser beam on the accumulative fluorescent sheet onto which 
the X-ray image has been accumulated and recorded. 
[0026] 

[Effects of the Invention] According to the scanning optical 
system of the invention, the relationship between the angle 
between the optical axis of a lens and a reflected light beam 
when the reflected light beam that has re-entered the deflector 
due to surface reflection on the lens of the image forming 
optical system at the rear stage of the deflector, and the 
maximum angle in accordance with an effective scanning region 
on the scanning surface of the angle between the optical axis 
of the lens and the light beam when the light beam is first 
deflected by the deflector, is regulated as in the following 
Expression (1), whereby the reflected light beam that has 
re-entered the deflector after being reflected by the lens 
surface and has been re-reflected by the reflector can be 
prevented from reaching the effective scanning region of the 
scanning surface, and thus securely prevents the reflected 
light beam that is stray light from harmfully influencing the 
scanning region of the scanning surface- 
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[0027] |8| > |0max| (1) 
[0028] 

[Embodiment of the Invention] Hereinafter, a detailed 
embodiment of the scanning optical system of the invention is 
described with reference to the drawings. 

[0029] Fig. 1 is a diagram showing the construction of a 
detailed embodiment of the scanning optical system of the 
invention, Fig. 2 is a diagram showing an example of an X- 
ray image reading device using the scanning optical system of 
the embodiment shown in Fig 1 . 

[0030] Herein, the X-ray image reading device shown in Fig. 
2 is described first. The illustrated X-ray image reading 
device comprises, inside an optical fixing plate 16 shaped into 
a box, a scanning optical system 10 including an LD light source 
11 which emits a laser beam L with a fixed intensity, a polygon 
mirror 12 which rotates at a predetermined angular velocity, 
and reflects and deflects the laser beam L emitted from the 
light source 11 so as to repeatedly scan the laser beam L in 
a predetermined angle range, an f6 lens group 13 which refracts 
the laser beam L so that the laser beam L that has been reflected 
and deflected by the polygon mirror 12 carries out first- 
scanning on an accumulative fluorescent sheet 50 described 
later in the arrow X .direction at an even .speed, and a lowering 
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long mirror 14 which lowers the laser beam L that has been 
refracted by this f8 lens group 13 downward in the figure, 
wherein the laser beam L that has exited from this scanning 
optical system 10 repeatedly carries out first-scanning in the 
arrow X direction of the accumulative fluorescent sheet 50 that 
is placed on an endless belt 20 for moving (second-scanning) 
at an even speed in the arrow Y direction in conjunction with 
the drive rollers 21 and accumulates and records an X-ray image. 
During this operation, the accumulative fluorescent sheet 50 
is subjected to second-scanning in the arrow Y direction 
roughly orthogonal to the arrow X direction, so that the laser 
beam L scans nearly the entire surface of the sheet 50 as a 
result . 

[0031] From the portion of the sheet 50 scanned by the laser 
beam L, photostimulable emission light M is emitted at an 
intensity according to the X-ray image accumulated and recorded 
onto this portion, and this emitted photostimulable emission 
light M is guided to a light guide 31 whose incident end extends 
across the entire length of the first scanning line of the laser 
beam L formed on the sheet 50, and which is disposed in proximity 
to the first scanning line, and the photostimulable emission 
light M is guided to the exit end face of the light guide 31 
while repeating total reflection inside the light guide 31. 
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To the exit end face of the light guide 31, a laser beam cut 
filter 32 having a limited bandwidth so as to cut the laser 
beam L and transmit the photostimulable emission light M is 
connected. The photostimulable emission light M guided to the 
exit end face of the light guide 31 is transmitted and made 
incident onto a photomultiplier (PMT) 33, and the laser beam 
L mixed into the light guide 31 together with the 
photostimulable emission light M is cut and prevented from 
entering the PMT 33. 

[0032] The PMT 33 photoelectrically converts the incident 
photostimulable emission light M into an analog electrical 
signal y and inputs it into a log amplifier 34, and the log 
amplifier 34 logarithmically amplifies the inputted analog 
electrical signal into a logarithmic signal S and inputs it 
into an A/D converter 35. The A/D converter 35 digitizes the 
inputted logarithmic signal S at a predetermined sampling 
interval and outputs it as a digital image signal D to an 
external image processor, etc. In the external image processor, 
etc. , the inputted digital image signal D is subjected to image 
processing such as depth correction, tone processing, 
frequency processing, and enlargement/reduction processing, 
and outputted to a reproducer such as a CRT, etc., and then, 
reproduced as a visible image. . . 
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[0033] Next, this scanning optical system 10 is described in 
detail with reference to Fig. 1. The f6 lens group 13 of the 
illustrated scanning optical system 10 comprises a first lens 
13A provided at the side close to the polygon mirror 12 and 
a second lens 13B at the side far from the polygon mirror, and 
the f6 lens group 13 and the lowering long mirror 14 form the 
image forming optical system 15. The first lens 13A is formed 
so that its first surface (surface onto which the laser beam 
L is made incident) 13a becomes concave with respect to the 
polygon mirror 12. 

[0034] Furthermore, the first surface 13a of the first lens 
13A transmits most of the laser beam L that has reached from 
the polygon mirror 12 (hereinafter, referred to as transmission 
laser beam L) as shown by the solid thin line in the drawing, 
while reflecting a small portion of the laser beam as reflected 
light L' (shown by the dashed line in the figure) to the polygon 
mirror 12 side. Then the angle between the optical axis of the 
first lens 13A and the reflected light L' when the reflected 
light L' that has re-entered the polygon mirror 12 due to 
reflection by the first surface 13a of the first lens 13A is 
re-deflected by the polygon mirror 12 is defined as <|>, and the 
maximum angle (maximum scanning angle) in accordance with the 
effective scanning region of the scanning surface (surface of 
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the accumulative fluorescent sheet 50) of the angle between 
the optical axis of the first lens 13A and the laser beam L 
when the laser beam L is first deflected by the polygon mirror 
12 is defined as Gmax (=42°) , this scanning optical system 10 
is constructed so as to satisfy the following Expression (1) . 
[0035] |<|>| > |6max| (1) 

Furthermore, when the number of reflecting surfaces of the 
polygon mirror 12 is defined as N (=6) , the angle between the 
advancing direction of the laser beam L that enters the polygon 
mirror 12 and the optical axis of the first lens 13A is defined 
as a (=70°) , the distance from the intersection between the 
polygon mirror 12 and the laser beam L to the first surface 
13a of the first lens 13A (distance along the optical axis) 
is defined as d (=40mm) , the radius of curvature of the first 
surface 13a of the first lens 13A is defined as R (=-112 -5mm) , 
and the angle between the optical axis of the first lens 13A 
and the laser beam L when the laser beam L is first reflected 
and deflected by the polygon mirror 12 in the case where the 
reflected light L' reflected by the first surface 13a of the 
first lens 13A re-enter the boundary (ridge line) between two 
adjacent reflecting surfaces of the polygon mirror 12 is 
defined as 9 (=18°) , these are constructed so as to satisfy 
the following Expre5sions (2) and (3).. 
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[0036] 

4n/N-a+29(l+d/R) > Gmax (2) 
-oc+29(l+d/R) < -9max (3) 

Namely, by substituting the abovementioned detailed numerical 
values, the left side of Expression (2) equals 73.2° and the 
right side equals 42°, and the left side of Expression (3) equals 
-46.8° and the right side equals -42°. The radius of the 
inscribed circle of the polygon mirror 12 equals 25mm. 
[0037] A range to be read as an image signal D by the X-ray 
image reading device shown in Fig. 2 becomes narrower than the 
range (scanning region) of the accumulative fluorescent sheet 
50 that is scanned by the transmitted light L. This is because 
useful image information is rarely recorded at the both side 
end portions of the sheet 50, and even if information is 
completely read up to the both side end portions of the sheet 
50, when the read image is reproduced as a visible image, the 
side end portions are displayed by being lined up. Therefore, 
in the scanning optical system 10 of this embodiment, a range 
to be read as an image signal D by the X-ray image reading device 
is defined as an effective scanning region K. 
[0038] According to the scanning optical system 10 of this 
embodiment thus constructed, the transmitted light L 
transmitted through .the first lens 13A is further transmitted 
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through the second lens 13B, and lowered by the lowering long 
lens 14 and repeatedly scans in the arrow X direction a region 
of the accumulative fluorescent sheet 50 surface as a scanning 
surface, broader than the effective scanning region K. 
[0039] On the other hand, the reflected light L' reflected by 
the first surface of the first lens 13A re-enters the polygon 
mirror 12 and is re-reflected, however, since the scanning 
optical system 10 of this embodiment is constructed so as to 
satisfy the condition of Expressions (2) and (3) and the 
construction satisfies the condition of Expression (1), this 
reflected light 1/ is prevented from reaching the inside of 
the effective scanning region K on the scanning surface as shown 
in Fig. 1. 

[0040] Therefore, according to the scanning optical system 10 
of this embodiment, the reflected light that becomes stray 
light can be securely prevented from harmfully influencing the 
scanning region of the scanning surface. 

[0041] The scanning optical systems shown in Fig. 3 and Fig. 
4 are scanning optical systems for comparison with the scanning 
optical system of .this embodiment, and these examples are not 
included in the scanning optical system of the invention. 
[0042] (Comparative example 1) In the scanning optical system 
of Comparative example 1 shown in Fig. 3, when the number of 
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reflecting surfaces of the polygon mirror 12 is defined as N 
(=6), the distance from the intersection between the polygon 
mirror 12 and the laser beam L to the first surface 13a of the 
first lens 13A (distance along the optical axis) is defined 
as d (=40mm) , the radius of curvature of the first surface 13a 
of the first lens 13A is defined as R (=-112. 5mm) , and the angle 
between the optical axis of the first lens 13A and the laser 
beam L when the laser beam L is first reflected and deflected 
by the polygon mirror 12 in a case where the reflected light 
1/ reflected by the first surface 13a of the first lens 13A 
re-enters the boundary (ridge line) of two adjacent reflecting 
surfaces of the polygon mirror 12 is defined as 8 (20°) , the 
left side of the abovementioned Expression (2) equals 85.8° 
and the right side equals 42°, and the left side of Expression 
(3) equals -34 . 2° and the right side equals -42°, and Expression 
(1) is not satisfied since Expression (3) is not satisfied 
although Expression (2) is satisfied. The radius r of the 
inscribed circle of the polygon mirror 12 equals 25mm, and the 
maximum scanning angle 6max equals 42°. 

[0043] According to the scanning optical system thus 
constructed, the reflected light 1/ reflected by the first 
surface of the first lens 13A re-enters the polygon mirror 12 
and is re-reflected, and this re-reflected light L' reaches 
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the inside of the effective scanning region K on the scanning 
surface as shown in Fig. 3. 

[0044] Therefore, according to the scanning optical system of 
Comparative example 1, reflected light that becomes noise 
harmfully influences the scanning region of the scanning 
surface, and the effect of the scanning optical system of the 
invention cannot be obtained. 

[0045] (Comparative example 2) In the scanning optical system 
of Comparative example 1 shown in Fig. 4, when the number of 
reflecting surfaces of the polygon mirror 12 is defined as N 
( = 6) , the angle between the advancing direction of the laser 
beam L that enters the polygon mirror 12 and the optical axis 
of the first lens 13A is defined as a (=70°) , the distance from 
the intersection between the polygon mirror 12 and the laser 
beam L to the first surface 13a of the first lens 13A (distance 
along the optical axis) is defined as d (=40mm), the radius 
of curvature of the first surface 13a of the first lens 13A 
is defined as R (=-112. 5mm) , and the angle between the optical 
axis of the first lens 13A and the laser beam L when the laser 
beam L is first reflected and deflected by the polygon mirror 
12 in a case where the reflected light 1/ reflected by the first 
surface 13a of the first lens 13A re-enters the boundary (ridge 
line) of two adjacent reflecting surfaces.of the polygon mirror 
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12 is defined as 8 (25°) , the left side of the abovementioned 
Expression (2) equals 82.2° and the right side equals 42°, and 
the left side of Expression (3) equals -37.8° and the right 
side equals -42°, and Expression (1) is not satisfied since 
Expression (3) is not satisfied although Expression (2) is 
satisfied. The radius r of the inscribed circle of the polygon 
mirror 12 equals 35mm, and the maximum scanning angle Gmax 
equals 42°. 

[0046] According to the scanning optical system thus 
constructed, the reflected light L' reflected by the first 
surface of the first lens 13A re-enters the polygon mirror 12 
and is re-reflected, and this re-reflected light 1/ reaches 
the inside of the effective scanning region K on the scanning 
surface as shown in Fig. 4. 

[0047] Therefore, according to the scanning optical system of 
Comparative example 1, reflected light that becomes noise 
harmfully influences the scanning region of the scanning 
surface, and the effect of the scanning optical system of the 
invention cannot be obtained. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A diagram showing the construction of an embodiment 

of the scanning optical system of the invention. 

[Fig. 2] A diagram .showing an example .(X-ray image reading 
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device) of a device in which the scanning optical system of 
the embodiment of Fig. 1 is installed. 

[Fig. 3] A diagram showing a comparative example (Comparative 
example 1) to be compared with the scanning optical system of 
the embodiment of Fig. 1. 

[Fig. 4] A diagram showing a comparative example (Comparative 
example 2) to be compared with the scanning optical system of 
the embodiment of Fig. 1. 

[Fig. 5] A diagram (I) for explaining the action of the scanning 
optical system of the invention. 

[Fig. 6] A diagram (II) for explaining the action of the 
scanning optical system of the invention. 

[Fig. 7] A diagram (III) for explaining the action of the 
scanning optical system of the invention. 
[Description of Symbols] 

10 scanning optical system 

11 laser light source 

12 polygon mirror 

13 f9 lens group 
13A first lens 
13B second lens 

13a first surface of first lens 

14 lowering long mirror 
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15 image forming optical system 
L laser beam (transmitted light) 
1/ reflected light 
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